Embedded Systems Design: A Unified

Hardware/Software Introduction
el

Chapter 7 Digital Camera Example

Introduction

e |
= Putting it all together
— General-purpose processor
— Smmgle-purpose processor
= Custam
= Standard
— Memory
— Interfacins
*» Knowledge applied to designing a simple digital
Cainiera
— General-purpoze vs. single-purpose processors
— Parhticming of funchionalty among different processor types
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Outline

TS
Introduction to a simple digital camera

Designer’s perspective

Eequirements specification

Design

— Four implementations
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Introduction to a simple digital camera

I ]
« Captures mmages
* Stores images m digital format
— No film
— Multiple images stored in camera
= Numbsr d=pend: on amount of memory and bits wsad per imaze
* Downloads images to PC
* Omnly recently posaible
- Systems-on-a-chip
= Multiple processors and memoriss on ane [C
— High-capacity flash memery
* Very simple description uzed for example
— Mary more featurs: with real digital camera
» Viizhle sve i i daletion, ds stratching, soomaimg in and out, sl
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Designer’s perspective
|
* Two key tasks
— Processing images and storing in memory
* When cshutter pressed:
— Image captured
— Comverted to digital form by charge-coupled device (CC0N
— Comprezsed and archived in miemal memory
— Uploading images to PC
* [heital camera attachad to PC

» Special software commands camera to transmit archrved
imases zerially
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Zero-bias error

S
*  Manufacturing errors canss cells to measure slizhtly abovs or below actual
light imtensity
Emor typically same acress column:, but different across rows
Some of l=ft most columns blacked by black paint to detect zero-bhias arrar
— Peadmg of other then { in blocked cells is zerp-bizs emar
— Eachrow i corectad by subtracting the mverass emror fmmd in blocksd cells for
that row
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Charge-coupled device (CCD)

Special zensar that capture: an imaze
Light-senzitive silicon solid-zfate device composed of many cells
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Compression

D ]
» Store more mages

* Transmit image to PC m lezs time

+ JPEG (Joint Photographic Experts Group)
— Popular standard format for representins digital imazes in a compreszed
form
— Provides for 2 number of differsnt medes of operation
— Mopds uzad in this chapter provides high compression ratios uzing DCT
{discrete cosine tranzform)
— Image data divided imto blocks of 8 x 8 pixels
— 3 steps performed on 2ach block
- DT
- Qumtizati
= Huffman encodins
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DCT step

= Transforms onginal § x 8§ block into a cosine-frequency
domain

— Upper-left comer values represent more of the 2sence of the imaze

— Lower-right camser vahies represent finer detatls
* (Cam radues precision of these values and retain reazonable imaze quality
* FDCT (Forward DCT) formula
- Ch)=if (h=1C0}then 1 sqrt(l} elsa 1.0
o Ailiary fmction meed in main fimction Fau)
— Flow) =%z C{n) x Cft) s De- Dk cos(m{2u + Iu'16) x cos(mZy + In'16)
» {Znas encoded pixel 2t row g, colbmmn v
» Db is original pixel walue = row x, cobumm v
= IDCT (Inverse DCT)
— Feverses process fo obtain orizinal bleck (mot needed for this desizm)

kel T Jarioem A, Dol o
A e Tl el SR 1 T i, D

Huffman encoding step

* Seriahze 8 x 3 block of pixels
— Valuss are converied nto sinzle list uiing ripzag pattem
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s DPerform Huffrman encoding
— More frequently ocourring pixels a:sigmed short binary code
— Longer birary codes left for les: Tequently ecourming pixals

* Each pixal 11 senal hist converted to Huffman encoded values
— Much shorter list, thus comprezsion
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Quantization step

= Achieve high compression ratio by reducing image
quality
— Eeaduce it precision of encoded data

= Fewer bits needed for encoding
= One way is to divide all valaes by a factor of 2

— impila right shifts car Ao this
— Dequantization would reverse process for decompression
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Huffman encoding example
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